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1 

ae? t* e j£sa*safcT. 

o. h hifofc7;P:/S>:/U7n8B?iijS::j-K-r.&DN 
Ait h^Df'f>^Jl'7-f F'f 7*7— JO 

[&#« 3 ] ffi&&&mwmjimn 2 ic^sns 1 
*«2fB«co5iiigafe?. 

[H#B6] lg±#»#T;&-Si!#S5E«©J&HIE iO 
Sift. 

ifiSafc^ £S»JRE 5 Xtt 6 g«©JfSH<B«#l*9T?85ii* 
F-f7*7~t?©Sigm 

en** 8] »*^i~3©v»rn^-«irffi«<Da 
MiBseag^sr^sims^frTT. nemc* 

E*©;£j*. 

4 9 lSS©7SyKE?WSj£-&fflft;lkF:7*n5M' 
>S*XJV7-f- F'f 7*5— tr. 
[R#l 1 1 ] ft^pJIE^ll^JB 1 ~ 3 ©^rna> 

tciaefflajgae^ t*^* b w .t-r 3p> j 
f £ n- h-T5^5fea&?i: £^trjggis&#. 

m 1 2 ] JBfUE&tttfjgg 6££&TS sai# 
Jgl lE«©J§5SI£&ft:. 

1 3] fl.*®g^*tt hjferf 7;U7'5 >S3 

- K-rsae^T&sa*® 1 1 E*©sm£&#. so 



*$BB¥6-387 7 1 

.2 

ca*« 1 4 ] ai*^ n~i3 ©v^Tn^-^icE 

«©J&HK&*I>3T. t VJut-i ywvyj F'f 7 

yae^t^&BWfrs^u^y^Hsn- 
F-r-54i-*ae? t **5B»a*TK* u pe* 

[R^15] #U^?F^t Fiaiffi7;i/^5 >t? 
fcS^Bl 4f2«©;£8s. 

CO 0 0 1] 

K!S!±©ffIffl#IF] #y*7*?F+©5>X 
Fil6£©££K££ft*aT5CfcK«fcD#U''<7* 

-r F-f7^5— tfSa-Ff5a^©55StrSf*. 

s^ic^sm*, Stafi^t^rffljjfj^^Fsn-F 
Tstt&a^tcD^&sitcBrr*. 

[0 0 0 2] 

[S£*©tt«] in vitro T©gftga@©ffl»{£(Ref 
olding) m*©*g£«fc0. tfU^T^F©?:*— ;UtV 

>^asi£^a-rsEjstLT, vx;u7w;i'Fiis-&© 

6*1 (Freedman, Cell. 57, 1069-1072. 1989;Fisher & 
Schmid, Biochemistry 29, 2205-2212,1990) , 7*- 
Jl-T-f >^S«lCfe^5Cne©SV»Ri6S;««r*B 

<fV*?~tf (PPI) *». tt#CI27'n?"f>3>X/l' 
7<f F-f7*7— fc? (PDI) &*l>V*>s>tt£1fi 
^tH^tlX^i. Id vitro ©ggfc-gtt. cn£©» 

x&sB8©s«js©a££te£-rs 
n, ae?i^wic±j£3nfc^seiies©in vitr 

o_Tfflff«j£'MD?iJfflat#*.6ft-CV>5 (Schein, Bio 
/ Technology _7, 1141-1148. 1989 ; »KSH. B#« 
£{fc3*£g 64. 1035-1038, 1990) . 

to o o 3] PDin wseT. «as©BT»*^it 
tfcwsacmiBsn. ^©ttattLT©es*^aB(cp 
^^nrvi-s. pd itt. ?*-;v/5?x;i'7-r FJ6-& 
©XiftSJSStt^L,. aeHSS©^x;u7^ fjs^© 

• ftttfl: • *S WiS7c£?T ^ C t^T^fS (Free 
doan. CeU 57,1069-1072, 1989) . P D I H In vitr 
o Ttt RNase^:i:©*-F^'f >^e>*-5SeR^». sk 
f87)V7S. >fc£©#S F^-f >*»6*5SeHJ4^© 

»?rtT?©>'x;u7-< ms<?>]&f&*&»ELfczismL 

fcO, XttftayD^U> J ^7 , D35-y>&f©<t3 

-c Ffe^ro^ftfros^seii-rscit^aenTu 
S (Freedman, Nature 329 , 196, 1987). 

[0004] m?LS**©PD i a. a^^H^afis^ 

t. €t>«>T814S©il!^ P I ® (pi 4.2~4.3 ) 
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3 

[0 0 0 5] yy FOffFKtefcOPD I \Z~D^T. *<D 
atiT^IBStU -tflWlCTO*iaiEJIJ:DPDIO 
73-/BEMjWt£S*l, PD I ftt2B«<Z>flntt*tt 

©iStta5tt75/KE?«*19 , 3i:#*.6nT^* (Edma 
n et al., Nature317 , 267-270, 1985). ^*UF* 
5/>J4, in vivo-g-f >yo.U>g>> ? X;V7>r F<g££ 
jlTuLfcO* RNase O^XJV7>f H»ft®X*E*ft<E 

jrr*2:fc**T!«r, in ▼ivo-gogagg)?^— 

^-5 (Pigict & Schuster, Proc . Natl . Acad . Sci . 
USA 83, 7643-7647, 1986). 

[0006] pd i a>£*rt-e©#«aBi, imomm 

afe^^i:, fl/T» SBB®*HB®Bfca»T*i:fc*« 
»6ht^5*B#rt»i:PD i #iii:iiafcbT^ 

ds$n*»»»eno^x^7-r f*#©jmsi;:b*l 

f£S£fflV>, : E5 f ^*tUTr-y i J7y>©*^JS* 
frK PD I S«cVi«u&/MS#5MBff*t-Ctt 

T-^U7>>>©«Rfc#ftL&yx;l^7-f F*6-&©^ 

Bfe^^^^uifie^^:^^ pd i £jn**<b* yx;i/7 

tlTHS (Bulleid & Freedman, Nature , 335 649-65 
1, 1988) • 

[0007] PDii:wm vxfry * Ftt&om 
SE'voWWH:, KB*«>flR*«>«04IBE*fct> 

B*>oTV>SE»##Sn"a>3. P D I 14, 

4 -/vf Ho*i/7—tfo««la-y 
ryht, ^*»ajlfl!>N-y»J3^M:OiMT, ft 
ja^^iJD^n^^y^ 1 \*<Disifi-Mm Asn-X-Ser/Tbr 
«B«'*yU3WI^»ttl8-&HaBCPihlaianieiai 
et al., EMBO _J. J>, 643-649 1987 : Gee tha-Eabib e 
t al., Ce_n 54, 1053-1060 1988) , 3SK£fc, ¥ 
ttK^^Viig&SagCtriiodo-L-thyroDine binding 
protein) (Cheng e_i ah J.Biol. Chem . 262 , 11221- 
11227, 1987)fc£fc<DHHfe&*Sa*U VDlfrpom 

neo^HlCin^ PDI»ftia45iHFlt*« 
75yBEW±«C*^»T«Htt3»«*-5»^«'bau 

fflanr^-s. ^nsowtbTttPD iowsttflffii: 

#A5ftT^*75/BEWi«Htt*iS*EW*» 

Stlfc7*y h at: XFolli tropin) J f>;PhahT> (Lu 
tropin) &£<DttBB8WvJl' ; E>* > (Boniface & Reiche 



(3) #PB¥6-3 8 7 7 1 

4 

rt et al.. Science 247 , 61-64, 1990), #X7r 
^JMVvi — JM ( 5-KX*X7x-f h*l,2-$>75/ 

>J -fe n-;pt>f y v F -;i/i, 4, 5- F »j *x 7 F 

tCfin*5^-r^S*T*0^O^rtlCPD I &«Htt 

*»^««**fiFftr**x*u/^--ifc)ii:t>tt6n 

(Bennettet al., Nature 334 , 268-270, 1988 ) , 

pdi^pd i ft^ojmBrt^TostoJftTJtaife* 

[0 0 0 8] a±©«k5lCj£«&»#*t«*S*lT^S 
10 *«, PD I ©±a:ai«[4»mjttf»T-Mfl!)^x;i^7w 

L^LU4U4, K^ifft«ttWa:*C!>PDI««« 

vx;i^ H>fy^7-iflStt3»««v»»&K:tt, ^as 
^rtRtW^WCC^X^^ F»ftteB«*ra<. 

ttt>Ta«&yx*7-f Fft£s#-r*aEBJi«MMw> 
as (tt&ftt«BSB) *mw\*n:*mfcft?m 

T14PDI <fcDfcB*T**tfl, -fV^7— tftl/TO 

x^y^Fts^^aWVict^asns^ ^Btr 

5y FaS*CD&«<Bffl#MftPD I mRNA^gtDit 
30 ft (fff»>B*IBL tfR>W>SM, »■>*■>■© 
£) 3&*6Il©Ci:3&t3|<»i»snT^5 (Edman N 
ature _314, 267-270, 1985) „ 

[0009] aTGsnfcraoftftfttsax&j* 

yo&«&lriKBtSns^X^7-f FHS-&<0»lSttH* 
14, 5?XJP7-f F*#»*KBto*H^i*n*™fc 

tusffl^r, ^^mbs (-t©*<ii»»tt©BB« 
-?&*) ^s^^-tir^o^-r^t^, ^o^aa»cau 

fc*frT^X^7>f FJSSS-©»***C&fci*"5i8«*< 
**. ^ro^s?)tct4, «£HBftC[)9RB (B«J»3>/t 

o§g« (D>/t-h^>F) fc«fntt©K^^x;i/7-r 
F»£ (5?X^7-f FSttft) »*^SlCSSL^tt 

[ooio] cn^-^<Dj^\m^xDNA&m^m^ 

50 T, vXJP7^ FB££*"r3BBH«MU:<B£S 
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[ooii] ^s^tid vivoo^ry 

[0 0 12] 

[*W3fi«(!»bJ:5tr*WI»ia !□ vitro TCD^fe 

[0 0 13] hhPD I»affl©t KlfilST 

;i^3>7l/:/nEW*3-F"r3DNAfcfc: hPD I 

§8SISit£ C iilCct^lfiftAb hPD I OSig^iS&tf 

0&X.PD i £g#-r*;:<!:£s«£-t*o 
[ooi4] sees*. *x9ihu xs&mmiuat 

t hPD I RtfWMateT**»?lS**ililcj;« 

k# u k as&*tt ta«-r « 2i t s a » t-r 
a. 

[0 0 15] 

[WHAft«Hfc-r*&»fl!>#a] *««#6tt. ±EB 

[0 0 16] aTC**W©BMBSKWr*. 
[0 0 17] t h^Dr-f^X^-f MV^7-K 
(protein disulphide isomerase ; TpDIj OSWt 
*) cDNAga-Hn^n->lt bMFFHUgtll 
cDNA^f^U-Jfctft hfl&SAgtll cDNA7^ 
(Clontechtt) *>S*©±3lcLT««3h 

[0 0 18] fcMHtttfth»»Agtll cDNA7-< 
:^U-fc*»»fc77-5>«»Stt, 77 
-yDNASz^jV^-KHJTrs. th^n'J 
> 4-*Sfb»* (PD I tn-9>n9fl) cDNA 

[Pihlajaniemi.T. 6 (1987) EMB0 J. _6, 643](D 243 
SB*& 282»ao«XE900)««fllC»«rrd40 mer 

(07 7-xDNA^EcoRI tfifcU ftsn&»150 bpCD 



(4) &BB¥6-3 8 7 7 1 

-f hDNASPDI cDNAX^U-->^yn-^ 

[0019] c co ct o n e> n^ffiso^^ n - 

>£EcoRI MftUTEcoRI -f >U— hDNAKH-tft 

* U Pihlajaniemi &££*fMRBttJBB&Jttkl/fctS 
*, lffEa*©*n->(pHPDii6> tfl&fi&*(0^n- 

20 >(pHPDIp4) tTthPDI cDNACD^gfc^A'-b 
[0 0 2 0] ffi^D->©DNAfi£Sl^Lfce 

>/^Rtt Asp 1 #5 Leu" 1 0> 491SG97S /ltd* 6 

*j«anTv»*4:**6n, asp 1 ic^ff-r^nffltor 

[0021] #is9m, p d i . m$L2i£zft#> 
q>s hhjfiL«7;i/^^>ae^uynE^iS3-H'r 
^DNAt^gfcbPD mfi?fc*6js*aisae? 

[0022] Mtttsftftra* «*H»iHcfc*-r,k 

F"rSDNA*E«a*aili:lwJ:oTff»Stl»S. 
fib, khPD I fta«J&3>/V-M>h (/NBttfc 
**.6ftTV»«) ICllSTfcfcftoy-^-EMiLT 
30 ttfc hjfiL»7;i/^^ :/DEWICIH56-r*4!*tt 

[0 0 2 3] ft#Mfctt, SJS^D-> pHPDI16&tf P 
HPDIp4 DNA£* **EcoRI/PstL PstI/BanHn?flWfcU 
tt490bp Rtfftl.3kbp©DNAKH-*#, ffi8rfr£EcoR 
I/BamHI Bft^7X5 H^^*-pDC119lcMMSb (phPD 
IEB) > KunkelS [Xunkel.T.A. (1985)Proc.Katl. Acad. S 
ci. USA 82, 488 ] Ir<fc9 cDNA±OPD I 

40 ^AU(phPDINae), Nael/Hind III miklZ&Q PD I 
3/^;VEJH*#*ft^»1.7kb OPDI DNA BfM-$# 

[00 24] 

pOC119^EcoRI ^{bU, ^tllCXhoIUV*- : 
5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

£SJSU XhoI/BamHI^fbL, dtllch hjh»7;P^S 
> (£TF THSAj tBHH-ft) yu^DE^I^aieU 
(pUC 119 Sig) . Stul/Hind III JBflsU3. 2kb (DDK A 
5^ ttH-&ft£ (HSA^l^ynE?l©#jaE*Haj6©*IS 
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[0 0 2 5] phPDINaeE&3fc©1.7kb DNA BrfripUC 119 
Sig f&3fc©3.2kb DNA SffrSa^KphPDILyl). EcoRI 
tSfc, IleD0irtSrKi;:«fc-5¥»fl;. BaaHI mfcZmXn? 
THSAyu^aE^ITWCt hPD 

[0 0 2 6] *«^©aieite^05^s^ffisr;-€-©« 

&<. PD I £5giS2tf#*t6A& : rr* ! fe©tt±TS 

sans. *&. &&%]&{Er?om®mt*%womm 
ft-cafe***. t h«ft©to©»«Etj*©2tJ&afi^s 

[0 0 2 7] E#l#^2K:*3fta-2 
4Sl~+4 9 lSBCT^/KSH^Sn-H-rsmS 

ffi*wetssR»ga£ : f£ffi«-rs. c© 
e^n- f©*ssicSck 8£2E*i©R*#tt£T* 

[0 0 2 8] *8fili3&lC. *«W»i!Safi^S1&* 

[0029] ^awa^a^f"^^^**©^^^ 
twai/Tffifflsns. ^ir^-tt. aft. »r(esi3 

[0 0 3 0] ^^©SS^f^-Srffl^-rifcft©^ 
?*-tLT\t. flAttttlUKACJiSttll? 2-1173 
84#4i«lCBI^©y7X5 H pJDB-ADH-HSA-A (8110 
-C#JS) *««fflSn*. ZWfyXS. FttHSA cDNA* 

*&»*7;u3-;krtHny^— ei (adh 

I) yot-^-, ADH^-S^-*-. 7>tf>' , J 

>»ttae^(Amp' ) , xaLeuatftra^A/Tt**. 

•€■©£*. CB^XS F£« XhoIJSfcU KlenoiBrK" 
lC<fcD¥»U BanHI iBfcbTHSA cDXASr^T*. $ 
^tlfc)B8kb DNA »r^©5' igSKU >KfcLfc&. tt 

a©*fgw»teae^«:afe-r-5cticj:r3. agy^ 

X5 H(pAHbPDILyl) Ct*fCf?<5. fc^A/. * 

[0 0 3 1] *»SIJtta&K:. *&91©3g3i'S£*-? 
[0 0 3 2] flttfcl/tti. *H8. tt*afc£®M* 

mmmpD i *5HBi/ft«*±«iff*u>. »a*it£ 

liBStT&fc. SiBStl/TB, Saccharomyces ce 



(5) &BW6-3 87 7 1 

5 

rcvlslad «qWf6n. *«W©»H<Eftfr©f^«lC» 

fc"3TttWK»»AH22»jwaKf6«an*. *jm 

mm feS±tL/Tffifflt#*^tiii^r*^^. « 

& ra9?L&tt£KJ:9MK:&]i£nft«. bw© 

JBH£&#tt, SS^i'^-^pAHbfDILyl©*^. 
i0 ftfc«#*SD<-Leu):/l/-h±TMH-*;:fcfcJ:9 

[0 0 3 33 JtoT. *f89itt£fc. ±»©*3fcUT 

* c t fc «fc*lfi»;L t h P D I ©Hi&frifeSSift-r*. 
*«M©^«a8«lcJ:ntf. *ftnottft#&riGn r C 

[0 0 3 4] sp*>, *xmmMMtarr*9£prcfaLis 

SCSI#!£*«bTfflaAt h P D I *#»3-B:SaJg 

t, WEffift^PDisisiiR-r^aBt, sfc^-r*. 

[0 0 3 53 «*it,T»**Jflt>*«£fctt, fchP 

t h P D I Aqtfi^M £ ^T#»3 tt-5. <b Utr± b 
LT»S«*©0iJ;L«*MB. tt»«»©«4*WBV» 

6n*«-&lCtt, ^D-feS/^SSttT^fc^fc KPD 

[0 0 3 6] *<CrfMICJ:DM*^tt***l£:e*Mi 

30 u &sic«i;?Mftt*»u ^iwWA»fis^»jaic 

-\z»tt* d tic J: D«»Ak h P D I 

#5^*tt*5Att»^© ! b©tcfS3g$n* i fe©Trti* 

WA»iTSK-gel PheDyl-5PW«t*tt*?A OKV- 
K) **ffiffl*n#. C©*^ffi^t HPD IttKC 1 
(pH 8.0) +0.85M*»6 0M65K7> 
^^C7A^©itiSMfflS43ElC«fcOStasn#S (®4 
EI) . SDS«ft*ft»«r msm *»6«ftAthP 
-fl? Dill iKl55kDa ®^fi*»L, SfcX^7>^;H< 

•j #x z V7— if Aonm&omm&m&b ursa-r 
«c&cj:d. #enfc»ftx.thPDittPDistt 

[0 0 3 73 *«W*ttfcJ:oTatSn6«a*fch 
PDIti 3^£©fc KPD I tJt8UTN^7Sy 
K*t AspjfcSGly lC2S^3nfcfe©-C*ofc. ffiot. 

491fi©73/S^e.«-5E5«l#^3lC^Sn 

Z Gly 1 Leu" 1 ©75 ./ttEJWSKMiSn 

SfflSAt HPD I 
50 [0 0 3 83 *?S^li$e)lC. *f?SBl|g^. thPD 
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I &fc?t t yJVf nE#l£n- F"T 

[0 0 3 9] MWm&ft*<D&m&Mte : ?t&ft#:&te 

[0 0 4 0] R^3Bte?fcJ:oT3-Han*#U'< 

^^F+a^x/l^FISS©**. 

arr*) wtsttKBiian**:*!;:* ■*©*Ks*fcs; 

^^FT&oTt)<kv^ s^k. mmstm 

Stl&PDISttO»*3WifirHa. tfU^/^Fco 
^1t»9^m(SrftLX\ibMII7^^> (HSA) 

*:3-f*6B^«i#w-*. 
[oo4i]*wi§^ wg^^Fj uzm® 
wu ffltt»««^^F*(»K:«ajl«*toJit€* 

[0042] *&«*tLT»i, 
swab. b& toVM&itzowfimmifimtTzti 

[0 0 4 3] **«J4S6K:. ±f2^gfc&#rtT, fc 

f p d i ae^pt«©#u F£3- ft**** 

C'FtftftRaS'frTKsRU^^FSK^aii-, 

K # U ^ F * EMM"* £ fc* S & * tf U F © 

[0044] *xn©£Btt*£j:D. thPDias 

75X5 FSm»THSA5^B*ft*JME»bTff 6 

n^c»srtTHs Ajir;pD i *tt«©*sa+T**a 

AO»»«ttT^C*96 0XitllDUfc (»8H) . 

[0045] a»K»*ans-3fe0tt&^ *S85i 

[0 0 4 6] HSAIt 1 7fi(0y7^7-{ F«S-*8 
o®eST*D, in ?itro -Cg)gttgaK»6 

©M*»W^Tft*»Mi©PD I 



(6) 4$BB¥6-3 8 7 7 1 

[0 0 4 7] mmn I S 2 3*K«fcoT. HS'AHTOS 

ft©H s AS#*W* a7c?fll?¥ffTT«y;u±T# 
-A> F t LTIE#fcH S AdH^i H-o*B**r© 

aia/t>F*tUT«»Han» wisMcjEftftHSAt 
tt»&«*»**r. en «Bi*jfc#«rt- 

10 *HSA»fli »fft^^7-{ H»SOT^4i:» 

TTCD S D S ma*»T«, H S A#Tte#*0 P D I 

c DNA**»aa-&Tviftu»sa^6»fc«jartH 

SAK»tit«bTJ;D*taofc/t>FtUT*ffla 
*T*^i:*6, PD IttHSAiH^rtOjEflf&^XJl'^ 
F»S<0JBj«&ffl*U ^O^WtCHSA^cDiS 

oT, «Atf,-T*Sa:l(tt*»^HSAC!>»Krt-C© 

[0 0 4 8] *&, PDI £&85i£li:£*&<b£l*fc 
V>«£T©HI S2 3i(MBrt©HSA©inRNA#«E 
fi^Northern^n y FStc<fc 0 ittfirf* P D I »fc 
TftJBSSHrfcfc^KH S A©mR N AfcWMDLTH 
So C<DCt\$, PD l3Wt«HSA»^fcfPfflLT^ 
*pTIBtt«W-"Cfc<, HSAaffP©C^l/^JHc*>« 
• *4ATViS^iBttftt>*»LTViS, L*>U /hB 

£>#&£nfc ^££HS A©»»*«t*HD 
Ifc^t^fflHLT^SCt^S, PDIH /hBff 
l:*^THSAt*SU ttttHSAICflUflU&Ztat 

S5**«fc0»«T*«J:5fc*«. SSfc, HIS2 
3#£0#ifc3ttfcHSA£PD I PD 

ittHSA©»«»»sttT*o, a^tcejiartic^m 

atlSb FPD I I/*WfeSS^Ci*>6. JttHSAO 
Id vUro_r®H*JSfc:*ViT^»***r©»Ci&J! 
^ i:$ns P D I ««c-HMctt0«a^B#AT<bttfiia 

nT^sfcotitfcan*. pdi*« 

HSA CSJgfPffl LX^ZZLt V» S <fc 5 IC^ 

[0 0 4 9] Z.<D£o\Z. HSAOWTPDIO^SS 

d i fm»HSAQm$Mm&\zmtoT\t**^w&tfi 

±«ico^Tt>H-»BrtTrPD i ft»ffic«H»aa 
59 -ttSJitfc:J:OH«©»»*©flllD»*^«»T?#at 
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[0 0 5 0] HT©30S«fcJ:D, ££tc#3e9Jft!89! 
[0 0 5 1] 

fchPD I (protein disulphide isonierase)cDNAg)#n 

thJffBIAglllcDNA5-f^7U- (Clontechtt) IfelOO, 
000 £D->ft 0.2XOT;Vh-X**toLB*» (IX 
A?hHJ:/h>, IX NaCl*5<fctf 0.5%-f-Xhx* 
7h7^M T37 , C-K««U^HSY1090»iS«« 
500^1 fc»&U Z.tL\Z 1M MgCh 5 Ml ftin*.3rC 

Tio^ffl inirr * ctfci:0^ r — ^**H«ic«»s 

1*fc. cn*50mlOLB±II*55*» (LBigifi, 10m 
M MgChfcckt/ 0.7X7#n— X) fctDAlI^Sb 23co 
X23cm^V-h+OLB*^«i6±lC*Vifc. ±JB*X 

fc. »5nfc77-5?*7>rM- (Hybond-N, Amersb 
aott) K»U TJkfrUB* (0.5N NaOH *5£tf0.15M 
NaCl) fc«Lfc310l it*g (Whatman It) ±tC, 7r-y 
©«»iTft±rcrtHtTl»IB«*» »>T+S««ll [1M 
Tris-HCl(pB7.5)*3ci:l£L5M NaCl ] IC«L/£:RBBS± 
fcliMHfi^fc. -£t>\zyj 2XSSC ffig (20 
XSSC =3M NaCl &&Zf 0. 3M^X>KH^- h U 

UVMItt2»nff3z:tKJ:D7T 

y 4 )v$-&m^T$kT<n^mzm.-DT\i hpoi cdnaco 

[0 0 5 2] ^D-^fcli. t^DiJ>4-*Ifti 
* (PD I tm-9>W£) cDNA [Pihlajaniemi, T. 

et al. (1987) EMBO J. , _6, 643 ] <D 243#Srt>£ 2 
82*B®raEHa>ffiM£ttJCT«4tar O^UrfV 
— DNA (5' -TGGCGTCCACCTTGGCCAACCTGATCTCGGAACCT 
TCTGC-3' ) ft, SftDNA^SI (Applied Biosyste 
mstt^x^380B) \Z£ D£j£Lfc*><©ftffl^fc. 

[0 0 5 3] (20pmoles) ft 50mM Tris-ECl 

(PH7.5) ;10mM MgCU , 5aM^^*X W h-Jk 10 
0 AtCi [r- 3J P] ATP (^3000Ci/mfflol, Anersham 
tfc) J;m2»fi©T 4 ^ 1/* ? H*t- If S 
*Bi§tD *^&»*50/xl +-C37*C60$HHSJE:*1i:SC 

h**(100X7 f >A^h*«=2X»>3/JIUII7^3 
>, 2 X7^3-JP 400**^2 x#yt;=jn;nu F 
» * 1M NaCl , 50mM Tris-HCKpH 7.5), lOnM EDTA 
(PH8.0) , O.l^Hxv^lf^rixVS^KU^AfeJ; 
tf20/ig/ml(Dje^SJa31ftLfciJ-^3fi|^DNA] K37 
CllW«Ufc*fc. /vf:/»J^-f-K-*3>jgK irf 
WW^U^-f-K— >3>i8*fc«9lO s cpm/ml(D±Eg 
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siDNAft^tr»ao tic3rci5«HBau&. ccoy^ 
;k*-ft 2 xssc *«ftffl^raiaT«E#U'*6ic2 

XSSC, 0.1 XHx^HfJUni/^H^-hU-^A** 
% C42TC30»Btt# Lfc® X87 -< JI/A (XAR-5* Kodak 

tt) ic-80t:T-i)t«*Sii-fc. 7-f jpa©s»<dis 

ft. l*X^U-->yT8^fl!>Btt->yj-^ft»&. 
2in605/^^lzJ**rr-5fi«Jc*«7r--s;ft±E 
^l/-h*6y;V«frtUT«OSO lmltf>SM»«& 
[lOOmM NaCl, lOmM MgCh f 50mM Tris-ECl (pH7. 5) 

io *±txo.oix*7y>] ic«u 4 < CT-ift»s*tS£ 

frT2^^ u >y ftff o fcH8* 1 oo**«HHt^ 

[0 0 5 4] #^nfcfi&tt^n->07r-vDNA ftLe 
der £<D;£j£ [Leder.P., Tiemeir,D. £ Enquist L. (1 

a? 977) Science J96, 175 ] K«fc0 »£nfc 
7r-5?DNACD l/5SftSft [lOOmM Tris-HCl (pH7. 
5) % lOOmM NaCK 6mM MgCi» , 6mM *;kfr:/hx^ 
y-Jk O.lfcif^X 20Mg/mlU#;*?U7-if 
A^<fct;20*fi:co EcoRI (Z7#>y->tt) ] 50*il 
*T37t:i»lBMft«, o.8*7#n-xy;i^«ft* 
ftftfr^&IS*, C©Btt^n->*t»i50 bp©-f 
-hDNAft^tfC&tffl^ofc. if^TsfW?- (Ge 
ne Clean", Bio-101 tt) SflW>D-hDNA« 
• [5liKtfcDNA»ffr*«J20iigi: EcoRIT 

^ iSfcl,fcpUC19 ^jr*-»100 ngiiftDNA^y— > 
3>^;h (StiiJStD AK20wl , B?£4m1 
**T16t:i5l9IKIE«*-frS^itJ:0PIDNAftatt 
$^aSA^7X^H^f;. ilCD&SffilOtf 1 ftffl 
^TMandel^ [Mandel.M. & Higa, A. (1970) J. Hoi. Bio 
1. 53, 154 ] CiO^ISTGl^Mgftlfc. 
#enfe^®gfil*ft25^ g/ml7>t:vU >ft^L 
Bi&% 100ml T37 < C-ft»Sb, 7^*U*Bife [Birn 
boia.H.C.a Doly J. (1979) Nucleic Acids Res._7, 15 
13] l:<tDy7X$HDNA$8Sllfc. ^<D7?7s^ 

40 HDNA10Mgft»S£[100inM Tris-HCl (pH7. 5), IOOeM 
NaCI> 6aMMgCl2, 6mM ^^*^hX^y-Jk 0.1X 
Vv^y&ZTS 100m&tf> EcoRI (Xy#>v-> 
m ] 200 Ml *T37tl»raiSfc«. 7x7-JV}S 

tu. x^y-^itsBftfT^afisu, o.8%7^D-xy 

^■ftacBffofc. iKHSObp O-f >■»— hDNAft^^ 
X/^^-T[HlitZb, £ATlClB-rPDI cDNACOX^U-X 

[0 0 5 5] t hPDI cDNA^3Ygft^^D->ft^$ 
tc!b\Z* &©TbhlfKAgtllcDNA7-ry^'J— (Clon 
50 techtt) j^50,000^ n->^<fc^t hteS A gtllcDNA^ 
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<iZf?V- (flltfc) «50.000^n->lcr>^T<7)X^U 

CD77-^DNA£E£Lfc7^;i^-£feKL£. ± 
IBlSObp fchPDI cDNABrfrftlOO ng£ [a- 3l P] dCTP 
(MOOCi/mmol, Amershan &) *3cfctfxy £ by>XU 

^SlStcmo 8 cpm/ml<3±SEgaDNA£^fri§tfK) * i0 
(I60 < C15^WSL/^o :©7^H-S 2XSSC 

fflv»raa-cft»u ssic o.5xssc , o.i%Hxv 

;HJ%3$/>«* h 'J ^AWrwrc 1 RrWft^Lfe» 
X»7>f;l/A (XAR-5, Kodaktt) (C-80t;T-l!ftB3t3 
7 -r^A ffFK cDNAH^7'J 
-«fcD6ffl, fi&» cDNA^ 77U-«J:D 5Htf>fgft 

■tt*D->**I*Lfc. &Sn£7acD£D-><3 E it? 
CORK h D N A8rft-£i}a& i f^SCD^S tcfto T 
r/^X-S K^**-pUC19 OEcoRI 2? n-> 

mmZft&Llt. ffFK cDNA040^ 

tttt cDNA(7)2^S^tC^-A-7yyLT*50, 

fe»a*co^D->lO(pHPDIp4) <0 2OT§«<h"f* 
fchPDI cDNAC03>gSr^A*-LTV^Ct^ cn^CD 
^n->£PihlajaQieini£<D^D— >OKKtlfX6!BO 
tt&ft^mZftTz. m^U->\Z-D^X M13 SEQUENC 30 
ING KIT OK$ttttlt) > M13 Sequencing Kit (£igi§ 
tt) *ir?a»DNA3/— ^X>U— (370A, Applied 
Biosystemstt) lC«fcODNAl»EM**)tbfc. Pihl 
a j an i emi 6 ODx- * t <0 Jttt fc £ 0 n - > I4£«24 
54Jtt£»#SjS*fchPDI cDNA«3-H"r-5Ct3WIB6 
frtte-Dfc (EJ9#^D . 

[0056] b h pd i ommtzL^zn pip»w 

±I2<Z>t:hPDI cDNAS3-FT*2^a)^n->pHPDIl 
6 £<kt;pHPDIp4 ftfcifcLTfchPD I ft 
Z%mm7yX$ FftaT©¥JBT«»U& (*1H ^ 
A, BJ3«ktfC) . 

CO 0 5 7] 7;U*U»WftC<fc0HI«l/&pHPDI16 DN 
A t& 1 M g£*Si£ [lOmM Tris-HCl(pH7.5), lOOmM NaC 
1, 6dH MgCh . 6m3i *)W7bx* 0.1%if 
y^>. 10<M£© EcoRI (Xy#>v->&) *J:tflO 
^fiCDPstl (Hit) ] 20/il *?371C 1 BSHWfcSk 0. 
8X7#n-xy^T««ic»£fft^ PDI cDNAOSigffij 
EcoRI^ 5Ps UgS#<DJK)490bp <Dg£<BD N AKM-*^ 
^XA^-fciOfl* • -# pHPDIp4 DNA 

iftl ag£Si£ [lOoH Tris-HCi(pH7.5), lOOmMNaCl, 6 50 
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mU MgCh ,6mM;*;l^7'FX^/-;k O.lXt??? 1 

BamHI (Btt) ] 20ul *T?37t: lttlBHBfkftHWcL 
TPDI cDNAtf) 3' S8ffiJPstI^£ BamHI 3kb (0 
g$ODNA»rfr^S'SaLL £©«fc5fcLT@ 
«LfcHDNAIRM***lifn*950ng*±« EcoRISJit/ 
BamHI TJWfcU «««CL&^7XS F^*-pUCU9 

DNA»20ng&aiB8aoDNA7-f y-^a hA 
&25*il £<ktfBi£5/il +T?16'C15WflBBS*'a:-5C 

O ASIC^; D^SSM V1190ttn >bfx> H-fcJUfcflW 
<K*b&. ii[S90miD0OX-Gal 7^- b (50/* 

g/ml 5-7n^E-4 -^DD-3 0- 
D-#^ hb^/S'F. 80Mg/mKV^nfcr;V-j5 
-D-^tf^hkf^/ i"F, 25ug/ml7>fc:vU 
>, LB*JS*5J:ltf 1.5X*30 tl^V^ 3rCT-lS 

Lfc. #^n^^X^F$ phPDIEB 
[0 0 5 8] phPDIEB^fctiCLT. KuokelS [Kunkel, 
T.A. (1985) Proc.Natl.Acad.Sci.USA.82, 488 ] iCcfc 
cDNA±©PD I I <0**i: 

0«#»»fc«H»*HaeI«»ra^ft«Abfc. phPDIE 
B DNA *«^T*^5/»>AfefcJ:0*ai«BW313 

nnx-^ 150Mg/ml(D7>tfv''J>^tf2xYT 
«tt (1. CX/ti? h b U 7 r h >, 0. 5% NaCl « JzrX IX 
M? h-T-X hX+X h) -C37lC-»tt»«*fT 

•^fco ^©«f«Slnl* 150Mg/nl©7>t!^U>* 

2 X YTJg&50ml tC»ab37 , Cr S 6 Lfcc 
»S (ODsoo ) *t 0.3SSt^Lfc<!:C:^T M13K07 7 
T-^ &bl o. i. =2 g&Tira;U7 , C30#rai»gL&»$ 
■tir/co cntr70Mg/ml<DaStC^^^^lC^^T-f'> 
>SjDK37 < C20^fF5SMig«^ffofc. ttSffi^S^ 
8tC^tJ-^^nfc±»tri/5 s&CD 2.5M NaC I, 20X#U 

TEg®^ [lOmM Tris-HCl , ItnM EDTA (pH8.0)] \Z& 

* t ^§<d * si 7 x / -)\,*taimttt&imizto» 

l/io*© 3 Mmsti- b U ^7 2. 5*COX^ / 
S:liDAttj^-80 , C-C30»rai&Sba^»ICj: 0 DN 
A$it®i:LT[HlfRbrc. ;rn£70XX*/-;WTtt# 
LMJE^JS^ 100 Ml OTEgSffilcS«bfc tt 
3Ertt-MIJ[|UfcdUft*trphPDIEB fi*0-*!DNA 

sfflViTaTo^jHTBttt-rsjEafip-feNaeiaiffioai 

GGGGGCGCCGGCGCGC-3 ' , ^Siitt) ] 10pmol£*Sfc [10 
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OmM Tris-HCl(pH8.0) . lOmM MgCh . mV^XV 
-f 1 — JV, lmM ATP *5cttA0#ttOT4 3^U^^lx^* 

^f**-- t? ss&tt) ] io/* i *T37ri5^raR« 

^oriO^Ma LTT 4 # U 5? £ F*;t— 1?£ 
±EphPDIEB S^-*gDNA 0.2pmol 
u\ ©7X-U>^i&Si£ (Site-directed mu 
tagenesissystem Mutan^-K, S^iga) (CMS*SJO 
;L&»£S£10m1 it, fO^^OUl £±SU> 

k^s^ae^s^u jx? u*? mm iu\ 

£U 65t;i5«\ 37t;i5^#®^ 25a 1 C0#gS«S 10 

(_h!2 Mutan T *-K, f^tt) 60mfiO*BISDNA 'J 
■^(Mutan^-K, l^tt) fccfctfl m&©T4 DNA#U* 
7— tf(Matan T »-K» f^th) $UD^25t: 2 l$[«EJS£tt£ 

0.2M EDTA(pH8.0) £JnA. 5#RIM&T 5C t 

lC<fcDffi*S££££#±£i*fc. #£>nfcDNA&«3 
Ml £30m1 (D±mmm7l-lSmutSu»^ : r>h^)Vt 

i^u **305h 42t:45^$e»tc^c* i5>m#et 

fc. 300m1 OSOCSi (2%A^hhU^h 

>, 0.55^-XhX^XF^K lOiMNaCh 2.5 a? 
mM KCh lOmM MgSO* , lOmM MgCliSScfclWOnM^la 
-X) £iJP;U7T;i&$|yj^L^ ££(C10m1 ©M13K 
077 7-^£*nJ*37TCT30#^#M&* 150Mg/mlO 
7 > If is U VfccfctttO m g /mi CD# V*f > > £«r 2 

xyT**iiii*inA, 37t:20Binifi»b&. nzntz 

JMfcta-MiHBU -ti*20*il fcB«U *IiMV 
1190Jg*i£80 itl iH£U 37"ClQ#|IIHllItMk 150 m 



16 



g /ml tf>7 > \Z is U >*#tt L B :/ lx- h \Z £ €T3rCr 

NaelgMfcSA^X* F£«frr*fc©£M13 SEQUENCI 50 
NG KIT (XffttMRt) fcffi^fcDNAifi&E^flrlCck 
DISlfc, CO^X^F$:phPDINaet*Wtfc. 
[0 0 5 9] 7;i/*U»«tt-CHIlL&phPDINae DNA 2* 

1. 5' - TCGAGAATTCATGAAGTGGGTTACCTTCATCTCTTTGTTGTT-3 ' , 

2. 5' - MCAAGMCMCAMGAGATG^GGTM(XWCTTCATGAATTC-3' 

3. 5' - CTTGTTCTCTTCTGCTTACTCTAGAGGTGTTTTCAGAAGGCCTG-3 ' 

4. 5' - GATCCAGGCCTTCTGAAAACACCTCTAGAGTAAGCAGAAGAG-3 ' 



♦ /zg^Sffi [10dM Tris-HCl (pH8.0), 20mM NaCl, 7nM 
MgCW . 7£&<DNaeI (Xy &&tflOM 
ffiOHind III (SS&tf) ] 30/il +T3rC4»BHBft 

hjfiit97;uy^ ><D?i'7u&m*Mmz&^Tm%M 

ftbfc^XS FpUC119Sig <D«££&TO^*rCfTo 
£ (SUHA) . 

[0 0 6 0] 7^X^ F^£:?-pUC119 DNAlMg£*§ 
S£[100mM Tris • HC1 (pH7.5). lOmM MgCh ,50mM NaCl 
^ctt;i2m&<D EcoRI (X<y#>S?->*fc) ] 20m 1 t 
T37t: 1 RfBHHfcUfcft, 70*0 5 ^TOJO&LTS*** 

tt^XVr^-1fl#& (SSStt) *ln*.T37T; l » 

X^y-JHtiRlCffllfiDNA&lHllRbfc. CI COD N A 

5 ' -AATTCTCGAG 
GAGCTCTTAA- 5 ' 

©EJ9*6J*5Xhol«tt*dtWhoig>*-«*;Utft 
[66mM Tris • HCKpE 7.5) , 6.6mM MgCU % lOmM 
mXU'f I — )V. 0. lmM ATP S«fctf 300*tt©T4 
DNA'J#-1? (SJEfitt) ] 30 Ml *T16'C-ft«fi 
Lfc. C©**10/il *ffl^T*»*JM107 «c3>tf 
x>h'tA'***^9AttKav««ail/, 50m g/ 
ml<^7>t:v'J>^trLByix-MC^#37 , C-? 

C^tCcfc 0 BWt-TSXhoI U >*-39«pUC119 EcoRlSPfi 
IC^A^n^i^X^ FDNAfiMOWibfc. 
[0 0 6 1] EtT«)iEWSt)'P4a!B©3i- , J^^U* 
: 



$Si!lDNA'&jBK« (Applied Biosystemstt, ^^38 
OB) ftJBVrC&iaLfc. ^n^&^»30 psiol S«t 
[50mM Tris -HCl(pH7.6), lOmM MgCIi , 5nM^* 
XW r— ;k 0.2mM ATP &^6m&OT4 #'J^^l/ 
*^H*f— K (Sii&tt) ] 25/il *"C37T:ittWK 

U=f^^|/*^Hfe-&to««SJBir (tt 100 Ml ) 100 
C©*BIC 5»HMl/tttl-CS»L7^-U >^ 
£fTo£. cnC 600m&OT4 DNA U if— tf (£« 

ii?fc) $aiAi6t:T-»«iab. 77^>mb©»» 



[0 0 6 2] ±»©aoIU>*-£»Al/&'<£*-:/ 
7X5H/ig$Si [IOOeM Tris -HCl(pH7.5), 10a 
M MgCla , lOOmM NaCU lOmfiCO BamHI 
>4fc) *±tfl2*tt©XhoI (SSigtt) ] 20m1 *T37 
"ClWIBJBifcU&a- 7xy-M&ffl£fr^ #^>nfc 
*H*6X^/-JM£WCJ:DDNASI3JKL&. CO 
DNAt±S©400t'J zfx ^ HOIISICJ: D 
n$tLtz-*mDNAyy?*>bm : £)V$:®f8L [66mM 
Tris-ECl(pH7.5 ) , 6.6mM MgCli , 10nM^*XK 
h-;k O.lmM ATP &&Zt 300*fi(OT4 DNAU 
if (S^itlt) ] 30m1 *T161C-*«abfc. COS 
f$lOMl ^ffi^r*ffiSJMl07 «a>lfT->H:;u* 
*^*>«>/*ttlCffiH»HIEftl/, 50Mg/mlO7>fcfv 
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»J>6*trLB^U-h±fc*#3rC-««BLfc. % 
SttftriDX-fconT, *n£><D&ft?Z>7y?s^ F 

d n a ©*sgE?u»$f ftff 5 - 1 k± o a » tr 

A^7X$ F£t>o^KIE&#£&&bfc. ^O^fvX 
^ F* pUC119Sig£*«Wfc. 

[0 0 6 3] ±E0*«TfMb&:/7*5 F PUC119S 
ig DNA*7^*»J Lfc. £©DNA2Mg 
[lOoN Tris-HCl(pH8.0U lOOmM NaCU 7mN MgCl 

2 , sm&ostui u^#>i;->a) fc^tatwitt© 

Hind III (SSfitt) ] *T37t4IMBilMSa 0.8% 7 
3tfD-xy*««J»IMC*tf, »3.2kb ©g^^DNA 
BfrS^X/l^-TaB-BBbfc. COcfc^Kb 
T#6tlfcphPDINae**01.7kb DNA 8rK-»50ng£pUCl 
19 SigE*J*<D3.2kb DNA Kfr»50ng*3Bi6a^y-- 
->a>*y bASK30Ml B«6m1 *T16T:30$H3!aS 
10m I Sffl^T*;U5/^Att»CJ:0*BBI*HB101 
3>tfr>h-fe^ (SiffiStt) £MME£U 50m 1 / 

nic07>tr->»j>^t?LByu-hic^v>fc o 

U- h £37 , C-lft#S-f £ ^£\Z& *)®t>fttzn nx- 
JiiB7;i<:/3 >0^l/^DE^fTFatc t F PD I 
[0 0 6 4] Rk©J;3fcbTftShfcU-^-EW& 

sspd i «»«7;v3-^xt Foy^-- ■ enter- 

±0fcFPDI»a^9X3Fft«»Lfc. 7JW&UB 
SffitCi;DigfiU^:±i2 phPDILyl DNA 1 ti\ 

[lOOmM Tris • HC1 (pE8.0) * lOOmM NaCU 7mM HgCli 
&&ZM0W&(D EcoRI ty#>^->ft) ] 100m 1 

*T37t:2ttiini!Wkak ?$©7x;^/^dd^ 

8ft) *JU*B#U £&5M£*fl«BiRL*:. d© 

Kl/10$©3M#8^FU^A(pH5.3) *3<fctf 2. 5§© 
X*/-;U*Jn*B'&U -40 < C2^m»Hb^o ftb 

tCct o^^nfc8tR^70%x^/-;urft»^«jE%:Ja 

bSOMl ©KlenowfgSSiac (Kilo-Sequence ^Deletion K 
it, £gjg#) KB*U 41£{fc©Klenow fragment 3 

*« (ssjga) zm?i37x:45#mK&2itz>zt\z± 

fc*B£l/lO*0 3MI«*FySA (PH5.3) *5<fctf 
2.5*0X*y-JU«BI*.B£U -40C1 BIBBS b 

XEttttU 50m 1 ©Klenowggfft (Kilo-Sequence ffl 
Deletion Kit.SSittt) KBBU 4i£&© Klenow f 
ragment SfiStt) ftiU«rc45#IBEJ6*1**;ii 
tC<fcO EcoRI«K«#<0¥»fls£frt>&. 



(10) #6W6-3 8 7 7 1 

t»T2l3©7xy-;i</^nD*;u^ttfflSffa:t^ IS 

snfc*Bfci/io*©3MBB*HJ*A (phs.3) * 

±tf 2.5$<Dx^/-;U£ta;U!£U -4<rcil»W» 

■b&. a*fc«to»snfciw*7oxx^/-;p"c* 

»BBEE(B*U S^[10mM Tris • HCl (pH8.0U 60mM 
NaCU 7mM MgCli *<fctfl0*ffiOBamHI(Xy 
tt) ] 40 Ml fc«3&>b37X;3l$mEJS31*&. ft&hfc 
DNAMKt 0.8X72fn-xy;i*B*BIC#H\ ft 
1.8kb ®DNA»frSy?*/t*^-T»B'BBb 
i0 fc. 7;i/*UBB«TBBbftpJDB-ADH-HSA-A 
(&W¥2-117384*f&?8) DNASmI effit [10* Tris 
HCl (pH 8.0), lOOmM NaCl,7nM HgCIs *3J;t;24J|ift©Xh 
ol (SfiBtt) ] 100m I *T3TC 2^R|fim 7i 
/-;w/^nn*jWAaffl* 2HfrH»snfc*Bfc. 

l/10g©3M#B:h h U ^ A (pH5. 3) fc^tf 2. 5£©X 

^y-jusinAfi^u -40<c 2«piH#B«S*bic±o 

itRtbTDNA ^[HliRbfco ^ODNA itS£70*X^/ 
-;i/Ttti*«»BEfc»U 50m 1 ©Klenow8«jS (Kilo 
-Sequence Deletion Kit. Sfiita) fcBtfU 4JMfc 

# © Klenow fragment (£gj6&) £fin;<-37T;45#fflEJ& 
***CtlC±OXhoI«BrW»0¥»fl:*ffofc. -© 
jSftiCO 2 ®<D7 x / n D jftaj^ff 

ft6nfc*Bfcl/10*©3MBB^FU«>A (pH 
5.3) *J:tf 2.5«©X^/-^*1DIAB J &U -4012 
mrRBBB* Bi&fc*DttBibTlWAfcH«Lfc. 
#6tl/bDNA ^70X X^/-JVTtt^a«ffittj»b, B 
m [lOrnM Tris -HCl(pH8.0), 60mM NaCl,7nM MgCU ^ 
<tmomfiCOBamHI(X^#>x->a) ] 40m1 \Zl$fr 
b, 37 < C75^m^b^. CO^ffifClOMl ©2MTris 

J» •HCI(pH8.0), 110m 1 ©SS**5<fct/ im&<D*BS 
C75 *S*7**'J7*X7r?Hf (S&Btt) ^JD 
Aig-g-U 60*0 l»MlDB , r*c:t»C,fcO||B«»r«© 

5' Bu>Bfl;E«efft>&. n*>wtmm\zi/iQ®o 

3MSB^hU^A(pH5.3) $>£Zf 2.5&(DX? /-)1>Z 

mxmsu -40<c lWfMBBbfc. ^tc^oitBt 

bTDNA ^[UiRb«J3E«;^20Ml ©TEKSSfb 0.896 
7^fo-xy;U«»iicBlC*^tfc. »8kb ©DNA fcrfrfc 
y^X/Wy-MWHSbft. ^±©J:^(CbT^ 
6nfcphPDILylS*©1.8kb DNA Etf>t»50iig:fc<kt/pJDB 
-ADH-HSA-Afi*©8kbDNA»rfr*950ng$Sf@3gffl)NA 7< 
>3>*y FA*30/iI , BfS6Ml tB^U 16 
t 2.5»mEfcSlrtin>NA ^S»$^fc 0 ^^nAcDNA 
BKIOmI *»^r*^5/>>Aftfc:J:0*BBC60u** 
MWm&L. 50m l /Ml©7>tf~>U>^tfLB7 r U 

-Mc**37r:T-B«ib&. ^enf:3Pz-i:^ 

^T7;U*U»BftC«t0^7X5FllNA ^aiSb, M 
PS»55l»Sf $fr^3 c D B Wtr*7^3-JUt 

Fny^-if i ^n^-^-TBtu-^-EMaaes 

PDI tBBbfc^X$F*«W"*»HC«#fta« 

5^ b^Co ^0!)±5tbT«aibfcPDI RS^XS F&PA 
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HhPDiLyi£*tttt&. £©«&©*§*. jmm?v 

I ©N5ftfg75/&teAsp fr^Gly K&*3tt&. 
[0 0 6 5] fchPDI 3ga^»ffl^3>hD-;|/ 

gaSl/fcpJDB-ADH-HSA-A DNA 5/z 1 [lOmM Tris- 

HCI , lOOmM NaCl, 7mM MgCU , 24*tt©XhoI (S«Jt 
It) ££tf29¥&© BamHI (-y#>v->*t) ] 100 

fflttlS: 2I§fT^^n^*fflHl/lO$03MRK^h , J»> 
A(pH5.3) *<fctf 2.5*©X^y-JUftlBlAH'&U - 
40t2«p|H»«ajS'iilC±DDNA Zttftt LXM^V 

it* emu *70xx^y-;i<-eft#«, ttEttAU 

50/x 1 ©Klenow&Srlfc (Kilo-Sequence Deletion Kit, 
Sfifttt) KS*U 4i£&© Klenow fragment (£fi 
ifitt) SlDAT37t:45»IBE«;**SC:a:»rJ;OXhoI* 
<fctfBatnHI «Wf«»<DT»ftSff ofc. £©*«l;:^ 

*®lCl/10£©3M&K^HJ^A(pH 5.3)fc£tf 2.5$ 

©x*/-^«in;tfi'&U -40"C 1 ftn»naa<bic 
cfcOttSfitbTDNA fcHJRLfc. ;in£MJE&$&20/z 
1 ©TEfcStfU 0.8X7*n-X«a«!c|«C*^ ft 
8kb ©DNA Kfrft^X/^y-THiRl/ft. »Shfc 
DNA KM-j»50ng«SSjtttDNA >a 
A&30*1 , Bfc6*l fcH&U lBIC-ftEjSSI*, 

t*&® ioi*a>t:x>h-k;u SiffiSfc) 

#*SK:J;0»IMESkU 50*1 /ml©7>^>U>£: 
^tTLB^l/-htc^^37'C-***Lfe. HSnfcnn 
X-|*^UT7;i/^USSStrcfc 0^7,5 FDNA $15 

[0 0 6 6] bhPDI ©il&tCcfcSfgg 
±EO¥JHTMWIIUfcl:hPDI 3£$k~fv7s\ KpAHhPDIL 

Srffofc. 

[0 0 6 7] YPD^l/-h (2X/1^h^h>, 1M 
-X hx** K VMYtttoXa 1.5XOO 
±Tig£LfciP#AH22flc©i}i:3DX-£ 5ml©YPDig 
^ (2XA^h^^hX lX-f-Xhx*xh^h:fc<fc 

OiWMHfc 0.9ml£45ml©YPDi§ifil;:&§U30 , CTig 
SttSU ODboo (SO) **» O.SiCjtLfctC^T 

OHa*fc^»aaBtUTS*HiRUfc. ssnfcsfc 

£ 3ml© O.miSCNKMJU -€*©?^© IbISS-MC 
*»M:SiUTS**IsIiRbfc. z\<mmz6&u.\ ©50 
% PEG#4000, 10*1 ©LiSCN *<ttf7;V*'JIWttT 
ISSSbitpAHhPDILyl DNAS&10 * I (DNA27 * 1 #) £2JD 



(11) «fBB¥6 -3 8 7 7 1 

i UTENSIL Jfc. C©S#*100/tl ©«®*TK« 
U SD (-Leu) [SD(-Leu)igiS <0.67XA£h 

-hny>^-x> 2*7K£tt> 20mg/l 07r->, 
P^^vJk HHJ7H77X HtXf^>, H7JI/ 
30mg/l OfDv>, PHV n 
>fS/X i'J'/X 50mg/l (7)7x-il/77-X 100m 
g /l orxn^ywi, mf)V9^>&, 150mg /l 
<0/VJ> % 200mg/l ©XI/tr>*<ttf 375mg/l £0 

■tu> (a±©75y«tt»3twi» ) fc<fctf i.sx 

5ml ©SD (-Leu) fcJfelCSSUSOt: 2 B 
m&&8*U&. £©!&£«« 100*1 £ 5ml©YPD 
iS»K»SU30t:24«fB»iB«l/fc. #$nfc£«ft 
1. 5ml £»ib£»;:jWt±t* 500*1 SHCU £ftfc 

i£»<hLT®4XL&EE&&Lfc < > #6>nfci£«£l0*l 
©SDS-PAGEJ81f>:? r ;WS«ff& (125mM Tris-HCl (pH6.8) 
, 4XSDS , 2Q%*fV±V>* lO#0-*;P#:/hX* 

a? y-;u*3<i:t5o.oi%^D ; E7xy-;uy;i/-) 

U 5»M^»^SDS-PAG ^U- MO/20 OB-*** 

A) teT«^*»i£frofco doy;u$$ftfefS (0.15X 
J-M T^fig, Kfel« (10%^»^i:tR0%^^/ 
;VtbT±IBpAH *ffl58Ai:LT±jfi«)pAHhPDILylCa 

(^894.000) , ^isMkT}VJ*> (67,000) , * 
30 #7JI/^^> (43,000) , *-fcy*7>tH7- If 

(30,000) , *Ih'J^>M>tt^- (20,000) £ 
i:t;a-7^h7^^> (14,000) SfflV^fc (^3 
El) . »^Stt55K ©RaftSAffl-r^tJ^ 

DSMii-rst hPDI #«8#»Lfcfc0tM!*;Sn 

[0 0 6 8] pAHhPDILyl$«^1-^B#AH22*oma 
n--^80mI©SD (-Leu) *«fc»SU. 30t: 2BWS 

40 s**bfc. ffsnfcussKssoBir^ioYPD • 

U>S*« (YPDSft 6g/l ©Na» HP 04 £ 
iXt 3g/l ©KHi P04, pH 7.0) KlSffiU 30^2 

[0 0 6 9] 

««j&>S©lttjLt HPD I ©m«(h^©^ftfe 

±s© < t 5 1 it§ zntzmnu&mm&mmm a i 

*, 5U#7-5U*>H*Hia» (#»5H^S30,00 
0) ftffl^, 40»a«$frt>fc(100ml) TSK-gel Phe 
50 nyl-SPW^e^^AlCiD. bhPDI^mSbfc. 
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»*tt*7Att0.85M»Hfc 0.05% NaNs StOKWI* 
25#R8T, tt££^3ft»naffttAt£ft£ttBft£aE 

ml/mio T&£ 0 CCOjj&gft® 4 ^iC^To ^5 

14, msi^nfct hPD i<7)SDsmfL*i!i0$^-r, 

K<fcoTk hPD I ttSff*-©a»fC*-C»H**l. 
#0, PD ISttft«8LT^5iIfc#9l&*fcfco 

[0 0 7 0] PD igttoag 
p D i Stt©M»i. jItc • £tt ■ SKibtCct^^feT 
f^aUfcX^7>^;VHU^^l/T-i?A(RNase A) 

**i/7-*A *<Dmmm&<D®& 
r. 

[0 0 7 1] X^5>^HRNase A : 120mg<DR 

Nase A ft6M^7Xv>;£«, O.lSMS^fX W h- 

;>s < &b3Bi©o.iMhux«iia«iSpH8.6 fcBBUfc 

B*»TFT. 15BHfflrCB5Gftfr-3&. &7cft 
ftO.OlNHCl T¥«fl:£tffcir77xy£XG-25;fr5A 
(15mm <f>X 38cm) T&7G$!]ft&3;L*:. C<D«i^\Z{f 

XftUn;tpHft9.0 k^*, s-s*s-&<B£&E£ftj« 

Br, 4t:T14BIHff3&:t)ia:fc. CCOK»$-80 , CT«# 

[0 0 7 2] PDI«tt0BjE:B*B*ft«U&55mM 
U>Bflfftt (PH 7.5) 20ml 10 u\ OlMv^XU 
h-^ftttliLfcfceDftBBU 21flD*«*»610(il ft 
ttO, 20 Ml 0»*tWi**&55Wy>ttWH(E«B 
7.5) 420 /il tC2l0;U0t;T5#¥ftST*. CtllCJiE 
X^7>^;UFRNase BB50m1 ftJU^Ot:, 15#¥£ 
CUT, 1.945Bl©K»Lfc50mllHJXB 
B. 5mM iS{fcTy*->i}A, 25mM£fc*U'}Aft#i?® 
»ffo)H7.5 IC. 50mI ^-XhRNASi (lOmM MJ 
xaBS«ffipH7. 5/lmM EDTA, 2Wm<J>mtmto\Zt2.Z> & 
3fcB»l/fcfc©) ft 1 cmAB^irJWCifll*, »#Lfc 
#S»**45T;K:&*±5K¥«ft;S#<5. £<D<h£26 

*X W h-)«aaLfcX^7>^F RNase AB»&> 
6 5 /£l *D, £ttft*;i^©B«fc*iffc#&. 0.2 
ftmiZ 2 ftffl260iUL -Ctf>K#&£ai£o P D I gfti*26 

onm •co883e»iaiB©aa^6*»6ns. 

[0 0 7 3] fchPD 1%!^^ KpAHhPDILyltCi; 
5§?&H I S 2 3«c(0^gfe^ 

thPDI FpAHhPDILylftJfj^T, KT© 

*BJca^HSA**»«H I S2 3* PfcS¥2-57 



(12) 4$BB¥6-3 8 7 7 1 

885 ^/»IWS53S11351 # (FERM P-113 
8) ] ftJ&Hfc&Lfc. 
[0 0 7 4] YPD^-h (2%/\^h MJ^hX 

1.5X3830 ±TJg£LfcHSA2S3!»#HI S2 3 
«©*-nnz:— ft5mlo>YPD*a (2X/t£M*y 
7h>, 1 X-f-X hX*X 2 X^H* 

B) (C&SU 3 01C-C2 4ttiaiBBiMIUfc. COS 
BBlalftS 0Bl©YPDB»fc»Ba3 OtrefiB* 

io iu OD.0D mm # o.su&\zmLittzzrm 

4 6jtil ©5 OX#UX?l/>jfU3-;P#4000, 10 
IL 1 CDL i SCNfcitfcnW&UBBtt [Birnboim, H. 
C. ft Doly, J. (1979) Nucleic AcidsRes . _7, 151 
3.]TrB»U&fchPD 1^77^ FpAHhPDILyl DN 
ABB 10 Ml (DNA»2 0/ig») ftlDAlf^x 
-OyiCADfi^U 3 0t:T-»BBLfc. -tllll 
Bl®BB*£fti*.HMt. a&#»K£DS#ftfl:J8i: 

bxmuhrz. ccoa*ftiooui toaa^TSS 

a? U SD (-Hi s, -Leu) -fV—Y [SD (-H 
is, -Leu) igifi (0. 67% h X h 
X, 2X^H«>B, 2 0mg/l ©7xX>, mtvis 

3 0ng/l o^oi/> % H^vn-fi/>, HU^X 5 
0mg/l (D7xrjl.77-X 10 0mg/l ©7^7 
*>B> BiOVi'SVB* 15 0ng/l WJX 2 0 
0mg/l OhV^->*ctr;3 7 5mg/l 0-fcU> (K 

±<D7ii;m*ftftim&js:£ttm ) 1.5%* 
30 nznu--tvxM&m&*mz. 

[0 0 7 5] 8&nfc»ME«# (pAHhPDILyl/HIS23) 
(C^ViTttTco^JSlr «fc DPD I ©RSftB^fc. 
K3>hn-JHUfcfcUT, pAHhPDILyl^^PDIcDNA « 

n^^SSa*(pAH/HIS23) ft^Tffiffi Lfc. 7 U- h 
±C03D--ft 5ml©SD (-Hi s, -Leu) S^ 

ic»au3ot:T2Bn«i«BLfc. cofla*«a:i 

0 0ul ft5BlOYPDB*JC*B«3 01C2 4HiaiB 

s^sil, ^e»nfcSitB i.5BiftB*»B^»*<D 

40 ±fS5 0 0Ml ft®iRL, cntr^$0X^y-^ftjD 
AB^B**TlPSB»BLfc. cnsaOiHifcjfeH- 
© B*^ 6 co»S^ffi«9 ftttK t UTIMilK bBi? 
x/t#l^-^-fcJ;0«E<e»Lfc. BSnfcttBftl 

Oal ©SDS-PAGEffl-*>7;i/g«f£ [62.5mMT 
ris-HCl(pH6.8), 2XSDS, , 5 % 0-*;M7:/hX 

trj-)v* o.oo5%yn^7x/-;p^-*5cfcr;2 o 

xyU"fe'J>] ICB»L» 5»Bt»«SDS-PAG 
yw-h4/2 0-1010 (B-Hb¥BA«X*ttB) T 

m§i*»iftfTofc. *ascoy;vftSfe^ (o.isx^v 

5» >—yU'J7>K^- 1 0%g^K^<fc^4 0%pC^ 



-702- 



(13) 



6-3877 1 



23 

J-M Tftfift. Kfe* (1 0J*Bt»fcefctf4 0*;* 

COBS. »^fig2pi:bT7*X7*U^-ifb (fl^S 
94,000$OH*>«k, ^>Mt7JI/:/S> (67,000) . * 
#7;wy^> (43,000) , Jl-tf-y27>hV7-V 
(30,000) , ^IFU^>M>tt^- (20,000) 43 
cttfa-^^ N7;>y^> (14,000) ftffl^fc (&6 
0) . pAHhPDILyHC«fc-DTJP»fiaiUfcai« 
HIS23«iT, *H*»55.OOOiOUh>0PD I <0fg 

[0 0 7 6] thPD I <DHS A%gt#fttC#T5&% 
±E©»«li**t*HS Afecttf PD I 0>#§gS^£ffl 
V>T* thPDI 0HS A»«»»fc»T6»*ft«T 

©^JHlcfcoxa^fc. 

[0 0 7 7] ^hn-^XSHpAHfeWbh 
PD I HpAHhPDILyl^n-entCctoT^g 
fc&bfc»#HI S2 3«, BT&p AH/HI S 2 3» 
*5£tfpAHhPDILyl/HIS23 ftoa4Uc3n--5of 
:3J£&* 5mlOSD (-Hi s, -Leu) t&jftlc&a 
L3 0TC-C2 4»Htt**Sffr>&. HfcitaJg&aEl 0 

omi ft*n-en5Bi©YPD*»ic*au3 ot:T2 

telC<fc 0 S D S - P AG EfflcaattfcaBfiL S D S - P 
AGESfrfcofc W7H) o UStlfcy^ftffl^T* 
§tt0HSA»8I^T>'>f^^- (IMAGE ANALYS 
IS SYSTEM , x73#j££*t») T£»tU PD I CO 
**aK:J:*HSAO*S»IMI©«fc*P^fc (SB8 
0) . ^CDJSH, p AH/H I S 2 3*W$0.93ag/ 



2* 



1 £fcpAHhPDILyl/MS23 *TBI;<1.50b«/1 OHS 
A*#»LT*0* »SHIS2 3»i:*l«thPD 
I©*58afc±r3, HSAO»»iUW»6 0X© 

[0 0 7 8] 

[?S9!co2!i£] thjfcaT/lo^^l/^D 

iccfco, t hPD io*a4afto¥a*iD«6T«S[u 

10 1!:^TS5. £ftfc«fcD, ^©*Stt, S-S*££0> 

»ttav^©asTW*«a»*^^±aaaa©js 

a*«0*ffl# , J^^H<D3fiai*«S-&5Ci:KJ: 

[007 9] 

E#l#^ : 1 
E*l©«S : 2454 
: 

&¥\<Dmm : cDNA to mRNA 

mm: t hffFHX^J&SAgt 11 cDNA5>WJ- (CI 
ontechtt) 



E70 

GAATTCCGGG GGCGACGAGA GAAGCGCCCC GCCTGATCCG TGTCCGAC ATG CTG CGC 57 

Met Leu Arg 
-15 

CGC GCT CTG CTG TGC CTG GCC GTG GCC GCC CTG GTG CGC GCC GAC GCC 105 
Arg Ala Leu Leu Cys Leu Ala Val Ala Ala Leu Val Arg Ala Asp Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 153 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Aso Pbe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 201 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 249 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 297 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 345 
Ala Thr Glu Glu Ser Asp Leu Ala Glu Glu Tyr Gly Val Arg Gly Tyr 
70 75 80 
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CCC ACC 
Pro Thr 

TAT ACA 
Tyr Thr 
100 
CGC ACG 
Arg Thr 
115 

TCC ttg 
Ser Leu 

GTG GAG 
Val Glu 

GAT GAC 
Asp Asp 

TAC CAG 
Tyr Gin 
180 
GGC CGG 
Gly Arg 
195 

TTT ATC 
Phe He 

ACA GCC 
Thr Ala 

TTC TTG 
Phe Leu 

AAA ACA 
Lys Thr 
260 
GAC AGC 
Asp Ser 
275 

AAG AAG 
Lys Lys 

ATG ACC 
Met Thr 

ACA GAG 
Thr Glu 

ATG AGC 
Met Ser 



ATC AAG 
He Lys 
85 

GCT GGC 
Ala Gly 

GGC CCG 
Gly Pro 

GTG GAG 
Val Glu 

TCG GAC 
Ser Asp 
150 
ATA CCA 
He Pro 
165 

CTC GAC 
Leu Asp 

AAC AAC 
Asn Asn 

AAA CAC 
Lys His 

CCG AAG 
Pro Lys 
230 
CCC AAG 
Pro Lys 
245 

GCA GCC 
Ala Ala 

GAC CAC 
Asp His 

GAA GAG 
Glu Glu 

AAG TAC 
Lys Tyr 
310 
TTC TGC 
Phe Cys 
325 

CAG GAG 
Gin Glu 



TTC TTC 
Phe Phe 

AGA GAG 
Arg Glu 

GCT GCC 
Ala Ala 
120 
TCC AGC 
Ser Ser 
135 

TCT GCC 
Ser Ala 

TTT GGG 
Phe Gly 

AAA GAT 
Lys Asp 

TTT GAA 
Phe Glu 
200 
AAC CAG 
Asn GId 
215 

ATT TTT 
He Phe 

AGT GTG 
Ser Val 

GAG AGC 
Glu Ser 

ACC GAC 
Thr Asp 
280 
TGC CCG 
Cys Pro 
295 

AAG CCC 
Lys Pro 



AGG AAT 
Arg Asn 
90 

GCT GAT 
Ala Asp 

105 

ACC ACC 
Thr Thr 

GAG GTG 
Glu Val 

AAG CAG 
Lys Gin 

ATC ACT 
He Thr 
170 
GGG GTT 
Gly Val 
185 

GGG GAG 
Gly Glu 

CTG CCC 
Leu Pro 

GGA GGT 
Gly Gly 

TCT GAC 
Ser Asp 
250 
TTC AAG 
Phe Lys 
265 

AAC CAG 
Asn Gin 

GCC GTG 
Ala Val 

GAA TCG 
Glu Ser 



CAC CGC TTC CTG 
His Arg Phe Leu 
330 

CTG CCG GAG GAC 
Leu Pro Glu Asp 



(14) 

GGA GAC 
Gly Asp 

GAC ATC 
Asp He 

CTG CCT 
Leu Pro 

GCT GTC 
Ala Val 
140 
TTT TTG 
Phe Leu 
155 

TCC AAC 
Ser Asn 

GTC CTC 
Val Leu 

GTC ACC 
Val Thr 

CTT GTC 
Leu Val 
220 
GAA ATC 
Glu He 
235 

TAT GAC 
Tyr Asp 

GGC AAG 
Gly Lys 

CGC ATC 
Arg He 

CGC CTC 
Arg Leu 
300 
GAG GAG 
Glu Glu 
315 

GAG GGC 
Glu Gly 

TGG GAC 
Trp Asp 
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ACG GCT TCC 
Thr Ala Ser 

95 

GTG AAC TGG 
Val Asn Trp 

110 
GAC GGC GCA 
Asp Gly Ala 
125 

ATC GGC TTC 
He Gly Phe 

CAG GCA GCA 
Gin Ala Ala 

AGT GAC GTG 
Ser Asp Val 
175 

TTT AAG AAG 
Phe Lys Lys 

190 
AAG GAG AAC 
Lys Glu Asd 
205 

ATC GAG TTC 
He Glu Phe 

AAG ACT CAC 
Lys Thr His 

GGC AAA CTG 
Gly Lys Leu 
255 

ATC CTG TTC 
He Leu Phe 

270 
CTC GAG TTC 
Leu Glu Phe 
285 

ATC ACC CTG 
He Thr Leu 

CTG ACG GCA 
Leu Thr Ala 

AAA ATC AAG 
Lys He Lys 
335 

AAG CAG CCT 
Lys Gin Pro 



CCC AAG GAA 
Pro Lys Glu 

CTG AAG AAG 
Leu Lys Lys 

GCT GCA GAG 
Ala Ala Glu 
130 

TTC AAG GAC 
Phe Lys Asp 

145 
GAG GCC ATC 
Glu Ala He 
160 

TTC TCC AAA 
Phe Ser Lys 

TTT GAT GAA 
Phe Asp Glu 

CTG CTG GAC 
Leu Leu Asp 
210 

ACC GAG CAG 
Thr Glu Gin 

225 
ATC CTG CTG 
He Leu Leu 
240 

AGC AAC TTC 
Ser Asn Phe 

ATC TTC ATC 
He Phe He 

TTT GGC CTG 
Phe Gly Leu 
290 

GAG GAG GAG 
Glu Glu Giu 

305 
GAG AGG ATC 
Glu Arg He 
320 

CCC CAC CTG 
Pro His Leu 

GTC AAG GTG 
Val Lys Val 



393 



441 



489 



537 



585 



633 



681 



729 



777 



825 



873 



921 



969 



1017 



1065 



1113 



1161 
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mmn : 2 

EM®** : 1545 



(15) 

2T 28 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT ITT GAT GAG AAA AAA AAC 
Leu Val Gly Lys Asn Pfae Glu Asp Yal Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 
He Val He Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 
Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG TAA TACGCAAAGC CAGACCCGGG 
Asp Gin Lys Ala Val Lys Asp Glu Leu * 

485 490 
CGCTGCCGAG ACCCCTCGGG GGCTGCACAC CCAGCAGCAG CGCACGCCTC CGAAGCCTGC 
GGCCTCGCTT GAAGGAGGGC GTCGCCGGAA ACCCAGGGAA CCTCTCTGAA GTGACACCTC 
ACCCCTACAC ACCGTCCGTT CACCCCCGTC TCTTCCTTCT GCTTTTCGGT TTTTGGAAAG 
GGATCCATCT CCAGGCAGCC CACCCTGGTG GGGCTTGTTT CCTGAAACCA TGATGTACTT 
TTTCATACAT GAGTCTGTCC AGAGTGCTTG CTACCGTGTT CGGAGTCTCG CTGCCTCCCT 
CCCGCGGGAG GTTTCTCCTC TTTTTGAAAA TTCCGTCTGT GGGATTTTTA GACATTTTTC 
GACATCAGGG TATTTGTTCC ACCTTGGCCA GGCCTCCTCG GAGAAGCTTG TCCCCCGTGT 
GGGAGGGACG GAGCCGGACT GGACATGGTC ACTCAGTACC GCCTGCAGTG TCGCCATGAC 
TGATCATGGC TCTTGCATTT TTGGGTAAAT GGAGACTTCC GGATCCTGTC AGGGTGTCCC 
CCATGCCTGG AAGAGGAGCT GGTGGCTGCC AGCCCTGGGG CCCGGCACAG GCCTGGGCCT 
TCCCCTTCCC TCAAGCCAGG GCTCCTCCTC CTGTCGTGGG CTCATTGTGA CCACTGGCCT 
CTCTACAGCA CGGCCTGTGG CCTGTTCAAG GCAGAACCAC GACCCTTGAC TCCCGGGTGG 
GGAGGTGGCC AAGGATGCTG GAGCTGAATC AGACGCTGAC AGTTCTTCAG GCATTTCTAT 
TTCACAATCG AATTGAACAC ATTGGCCAAA TAAAGTTGAA ATTTTACCCA CCCAAAAAAA 
AAAAAAAAAA CCCGAATTC 
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1209 



1257 



1305 



1353 



1401 



1449 



1497 



1545 



1595 



1655 
1715 
1775 
1835 
1895 
1955 
2015 
2075 
2135 
2195 
2255 
2315 
2375 
2435 
2454 



ATG AAG TGG GTT ACC TTC ATC TCT TTG TTG 
Mel Lys Trp Val Thr Phe He Ser Leu Leu 

-20 -15 



30 
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(16) &R!¥6 -3 8 7 7 1 

29 30 
TTC TTG TTC TCT TCT GCT TAC TCT AGA GGT GTT TTC AGA AGG GGC GCC 78 
Phe Leu Phe Ser Ser Ala Tyr Ser Arg Gly Val Phe Arg Arg Gly Ala 

-10 -5 1 

CCC GAG GAG GAG GAC CAC GTC CTG GTG CTG CGG AAA AGC AAC TTC GCG 126 
Pro Glu Glu Glu Asp His Val Leu Val Leu Arg Lys Ser Asd Phe Ala 

5 10 15 

GAG GCG CTG GCG GCC CAC AAG TAC CTG CTG GTG GAG TTC TAT GCC CCT 174 
Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr Ala Pro 

20 25 30 

TGG TGT GGC CAC TGC AAG GCT CTG GCC CCT GAG TAT GCC AAA GCC GCT 222 
Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys Ala Ala 
35 40 45 50 

GGG AAG CTG AAG GCA GAA GGT TCC GAG ATC AGG TTG GCC AAG GTG GAC 270 
Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys Val Asp 

55 60 65 

GCC ACG GAG GAG TCT GAC CTG GCC CAG CAG TAC GGC GTG CGC GGC TAT 318 
Ala Thr Glu Glu Ser Asp Leu Ala Gin Gin Tyr Gly Val Arg Gly Tyr 

70 75 80 

CCC ACC ATC AAG TTC TTC AGG AAT GGA GAC ACG GCT TCC CCC AAG GAA 366 
Pro Thr lie Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro Lys Glu 

85 90 95 

TAT ACA GCT GGC AGA GAG GCT GAT GAC ATC GTG AAC TGG CTG AAG AAG 414 
Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asn Trp Leu Lys Lys 

100 105 110 

CGC ACG GGC CCG GCT GCC ACC ACC CTG CCT GAC GGC GCA GCT GCA GAG 462 
Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala Ala Glu 
115 120 125 130 

TCC TTG GTG GAG TCC AGC GAG GTG GCT GTC ATC GGC TTC TTC AAG GAC 510 
Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe Lys Asp 

135 140 145 

GTG GAG TCG GAC TCT GCC AAG CAG TTT TTG CAG GCA GCA GAG GCC ATC 558 
Val Glu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu Ala He 

150 155 160 

GAT GAC ATA CCA TTT GGG ATC ACT TCC AAC AGT GAC GTG TTC TCC AAA 606 
Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe Ser Lys 

165 170 175 

TAC CAG CTC GAC AAA GAT GGG GTT GTC CTC TTT AAG AAG TTT GAT GAA 654 
Tyr Gin Leu Asp Lys Asp Gly Val Val Leu Phe Lys Lys Phe Asp Glu 

180 185 190 

GGC CGG AAC AAC TTT GAA GGG GAG GTC ACC AAG GAG AAC CTG CTG GAC 702 
Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu Leu Asp 
195 200 205 210 

TTT ATC AAA CAC AAC CAG CTG CCC CTT GTC ATC GAG TTC ACC GAG CAG 750 
Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr Glu Gin 

215 220 225 

ACA GCC CCG AAG ATT TTT GGA GGT GAA ATC AAG ACT CAC ATC CTG CTG 798 
Thr Ala Pro Lys lie Phe Gly Gly Glu He Lys Thr His He Leu Leu 

230 235 240 

TTC TTG CCC AAG AGT GTG TCT GAC TAT GAC GGC AAA CTG AGC AAC TTC 846 
Phe Leu Pro Lys Ser Val Ser Asp Try Asp Gly Lys Leu Ser Asn Phe 
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31 32 
245 250 255 

AAA ACA GCA GCC GAG AGC TTC AAG GGC MG ATC CTG TTC ATC TTC ATC 894 
Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He Phe He 

260 265 270 

GAC AGC GAC CAC ACC GAC AAC CAG CGC ATC CTC GAG TTC TTT GGC CTG 942 
Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe Gly Leu 
275 280 285 290 

AAG AAG GAA GAG TGC CCG GCC GTG CGC CTC ATC ACC CTG GAG GAG GAG 990 
Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu Glu Glu 

295 300 305 

ATG ACC AAG TAC AAG CCC GAA TCG GAG GAG CTG ACG GCA GAG AGG ATC 1038 
Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu Arg lie 

310 315 320 

ACA GAG TTC TGC CAC CGC TTC CTG GAG GGC AAA ATC AAG CCC CAC CTG 1086 
Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro His Leu 

325 330 335 

ATG AGC CAG GAG CTG CCG GAG GAC TGG GAC AAG CAG CCT GTC AAG GTG 1134 
Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val Lys Val 

340 345 350 

CTT GTT GGG AAG AAC TTT GAA GAC GTG GCT TTT GAT GAG AAA AAA AAC 1182 
Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys Lys Asn 
355 360 365 370 

GTC TTT GTG GAG TTC TAT GCC CCA TGG TGT GGT CAC TGC AAA CAG TTG 1230 
Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys Gin Leu 

375 380 385 

GCT CCC ATT TGG GAT AAA CTG GGA GAG ACG TAC AAG GAC CAT GAG AAC 1278 
Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His Glu Asn 

390 395 400 

ATC GTC ATC GCC AAG ATG GAC TCG ACT GCC AAC GAG GTG GAG GCC GTC 1326 
He Val lie Ala Lys Met Asp Ser Thr Ala Asn Glu Val Glu Ala Val 

405 410 415 

AAA GTG CAC AGC TTC CCC ACA CTC AAG TTC TTT CCT GCC AGT GCC GAC 1374 
Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser Ala Asp 

420 425 430 

AGG ACG GTC ATT GAT TAC AAC GGG GAA CGC ACG CTG GAT GGT TTT AAG 1422 
Arg Thr Vai He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly Phe Lys 
435 440 445 450 

AAA TTC CTG GAG AGC GGT GGC CAG GAT GGG GCA GGG GAT GAT GAC GAT 1470 
Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp Asp Asp 

455 460 465 

CTC GAG GAC CTG GAA GAA GCA GAG GAG CCA GAC ATG GAG GAA GAC GAT 1518 
Leu Glu Asp Leu Glu Glu Ala Glu Glu Pro Asp Met Glu Glu Asp Asp 

470 475 480 

GAT CAG AAA GCT GTG AAA GAT GAA CTG 1545 
Asp Gin Lys Ala Val Lys Asp Glu Leu 
485 490 
mm^'. 3 h#DS>-:lB»R 

ffi^iogs : 491 mwomm : *>/^3 
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(18) 

33 34 
Gly Ala Pro Glu Glu Glu Asp His Val Leu Yai Leu Arg Lys Ser Asd 

1 5 10 15 

Phe Ala Glu Ala Leu Ala Ala His Lys Tyr Leu Leu Val Glu Phe Tyr 

20 25 30 

Ala Pro Trp Cys Gly His Cys Lys Ala Leu Ala Pro Glu Tyr Ala Lys 

35 40 45 

Ala Ala Gly Lys Leu Lys Ala Glu Gly Ser Glu He Arg Leu Ala Lys 

50 55 60 

Val Asp Ala Tbr Glu Glu Ser Asp Leu Ala Gin Glu Tyr Gly Val Arg 
65 70 75 80 

Gly Tyr Pro Thr He Lys Phe Phe Arg Asn Gly Asp Thr Ala Ser Pro 

85 90 95 

Lys Glu Tyr Thr Ala Gly Arg Glu Ala Asp Asp He Val Asd Trp Leu 

100 105 110 

Lys Lys Arg Thr Gly Pro Ala Ala Thr Thr Leu Pro Asp Gly Ala Ala 

115 120 125 

Ala Glu Ser Leu Val Glu Ser Ser Glu Val Ala Val He Gly Phe Phe 

130 135 140 

Lys Asp Val Giu Ser Asp Ser Ala Lys Gin Phe Leu Gin Ala Ala Glu 
145 150 155 160 

Ala He Asp Asp He Pro Phe Gly He Thr Ser Asn Ser Asp Val Phe 

165 170 175 

Ser Lys Tyr Gin Leu Asp Lys Asp Gly Val Val Leo Phe Lys Lys Phe 

180 185 190 

Asp Glu Gly Arg Asn Asn Phe Glu Gly Glu Val Thr Lys Glu Asn Leu 

195 200 205 

Leu Asp Phe He Lys His Asn Gin Leu Pro Leu Val He Glu Phe Thr 

210 215 220 

Glu Gin Thr Ala Pro Lys He Phe Gly Gly Glu He Lys Thr His He 
225 230 235 240 

Leu Leu Phe Leu Pro Lys Ser Val Ser Asp Tyr Asp Gly Lys Leu Ser 

245 250 255 

Asn Phe Lys Thr Ala Ala Glu Ser Phe Lys Gly Lys He Leu Phe He 

260 265 270 

Phe He Asp Ser Asp His Thr Asp Asn Gin Arg He Leu Glu Phe Phe 

275 280 285 

Gly Leu Lys Lys Glu Glu Cys Pro Ala Val Arg Leu He Thr Leu Glu 

290 295 300 

Glu Glu Met Thr Lys Tyr Lys Pro Glu Ser Glu Glu Leu Thr Ala Glu 
305 310 315 320 

Arg lie Thr Glu Phe Cys His Arg Phe Leu Glu Gly Lys He Lys Pro 

325 330 335 

His Leu Met Ser Gin Glu Leu Pro Glu Asp Trp Asp Lys Gin Pro Val 

340 345 350 

Lys Val Leu Val Gly Lys Asn Phe Glu Asp Val Ala Phe Asp Glu Lys 

355 360 365 

Lys Asn Val Phe Val Glu Phe Tyr Ala Pro Trp Cys Gly His Cys Lys 

370 375 380 

Gin Leu Ala Pro He Trp Asp Lys Leu Gly Glu Thr Tyr Lys Asp His 
385 390 395 400 
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(19) 

35 36 
Glu Asd lie Val He Ala Lys Met Asp Ser Thr Ala Aso Glu Val Glu 

405 410 415 

Ala Val Lys Val His Ser Phe Pro Thr Leu Lys Phe Phe Pro Ala Ser 

420 425 430 

Ala Asp Arg Thr Val He Asp Tyr Asn Gly Glu Arg Thr Leu Asp Gly 

435 440 445 

Phe Lys Lys Phe Leu Glu Ser Gly Gly Gin Asp Gly Ala Gly Asp Asp 

450 455 460 

Asp Asp Leu Glu Asp Leu Glu Glu Ala Glu Gin Pro Asp Met Glu Glu 
465 470 475 480 

Asp Asp Asp Gin Lys Ala Val Lys Asp Glu Leu 
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485 490 

[01] glRAti, 5S5i^X^K pAHhPDILyl <DJB 
&Ig0£7*T. 
[02] m\®B\t, SS^^X^H pAHhPDILyl 0« 

&xg0£^-r. 

[03] SfllHCte, ffcgy^X^K PAHhPDILyl 0« 

[04] «2Htt» tbSS^7X5 F±OHSA7U 20 
7nEaiiPD I <D«#g8£^-f 0T&£. 

[05] S3 0«, ^-^^n^aiaftAbhPD 
icosDsmascSfrtes^-r^ST^o, cctu- 

y 1 l/->2 l*pAH/AH22 (3 > V U 

—M * 1>~>3\Z pAHhPDILyl/AH22^^-Tc 
[06] Sg40fcl> j**tt*^A^DTh^77>r-tC 



[07] msmt, «fSffi»^hhPDi<DSDs«^ 

[08] S&601*, SfHI S2 3lC*5tj*^tKPDI 

[09] 18701** K&HI S2 3lC^^bhPDI 
tH S A t ®#J8Sfc ± £H S A5M8**r S D S *S 

[010] SB8 0fc* l7S©SDSia*»yMl 
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8 7 7 1 



EcoRI 




BamHI 
Hind ID 



EcoRI 

EcoRI 

EcoRI 
-BamHI 



[01] 



I Ei A 



tB7] 

i 5 E 



94,000 *- 

67,000- — m 
O000- — -» 

30,000 — 



- — ^ ^s- PDI 



2QO0O- 
1^000- 



M69 70 7T 72 73W7576 
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&BB S F6-3 8 77 1 



[02] 



I I S B 
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[03] 

% \ mc 




I Klencnv fragment 
4&oRt ; 

1 BomHI 

\ Kienov fragment 



t BamHI Hlndm 
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[04] 



CVJ 



So 



>C?0 

& 

y >» 

.05 

S3 

n 

S3 

Ml 

is 
11 
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S 6J; 




1 : PAM/KI S23 

2 : I^AHhPDI tjrl/HI S2 3 



[01 0] 

mem 

(m*/l)_ 




123456789 10 



U 3, 5. 7, 9 ; p AH/HI S23 

2. 4, 6. 8. 10:pAHhPDILyl/HIS23 



[09] 



S78 




K 3, 5, 7v * : pAH/HI S2 3 

2* 4, 6* 8, 1 0 ; p A H h P D I L y 1 /H I S 2 3 

1 1 : HSAM0.2 5fig 

1 2 : HSA«mo.5»ig 
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(25) 



#BB¥6-3 87 7 1 



mtUB] ¥£5¥3E2B 

IWE1SW XM. 
MJEftS] 

[HI A] jglHAtt. 385:77X5 Hp AHhPD 
I Ly !©«gl80£jKf. 

[01B] HlBBli, JSSI75X3 KpAHhPD 
I Ly l ©#S$IgBI£?KT. 

[01C] fgiaCtt. I5S^7X3 KpAHhPD 

1 Ly i <Dtomxm®z*-r. 

[02] SB2 0tt, t hSSS^XS H±OHSA 

[03] %s-»»3nfeaa[a^tH 

PDIOSDS mM*«)Jg*S^-r¥KT» 0 . d C1T 
U->ltt^Sv-*-. V->2KtpAH/AH2 

2 (3>hn-JW , U->3IJpAHhPD I Ly 1 
/A 2 2 StST. * 



* C04] Sg40li. ®*&t>7&!ra^h!f ; 7 7<( 

(05) Sg50tt, «KSffiAth PDIOSDS 
©a*»i^*S:^-r0-C*D. 068*. TfiUcoa^li® 

[06] Jg 6 0t$. SSH I S 2 3 1 h P 

D I 0%SS:^-r«^*ft?JET*S. 

[07] SS70MU BSHI S 2 3iC*3ltSt hP 
D I tHSA£©#§85!l;:£5HSA#i8?&jK-rSDS 

[08] S80fi> £7 0©SDS*§«i}c»y^£ 

*s*-r0-?fe5. 

[^S8MiE2] 



BtIE*t#B@«] ±0 



[03] 




0J8- 



s 



oyoe- 



o- 1 



[04] 

94 g 




0 20 40 60 80 TOO 120 140 160 



[05] 



94000 ~ - 

67,000— — * * <_ p DI 

W) v 

30,000 _ 

20,000- . 

14000——=? 
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(28) 



[SIC] 

I i ic 




1 Klenow fragment 
iEcoFU v 

1 BamHl 

\ KJterKw fragment 



\ BamHl Hjndin 




(29) 



[B2] 



Si 
St 



i 3 
Jo 

life 

m 



J9 
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(30) 



&RW6-387 7 1 



[07] 




9 8 



2, is 5, lM^=: p A«^#SiE Ly l/H I S 2 3 
1 1 : HSA&i 0 .2 Stiff 

i 2 :H-s : Aii^5 : ji# ^- 



(ma/1) 




n n 

1 1 



2 3 458789 10 



K 3, 5, 7, 9 : pAH/HI S3 3 

2. 4. 6* 8. 10:pAHhPDILyl/HlS23 



7D>K- 






(51) Int. CI. 5 






CI 2N 


15/12 




C12P 


21/02 


C 8214-4B 


//COIN 


30/00 


8310-2 J 


(C 1 2 N 


1/19 




C 1 2R 


1:865) 




(C 1 2N 


9/90 




C 1 2R 


1:865) 




(CI 2P 


21/02 




C 1 2R 


1:865) 




(72)5g^£ 







F I 
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